Patients, 232 epileptics and 98 nonepileptics, were examined for photoconvulsive responses and photic drivings, by using a stroboscope with a) a printed pattern (dots or grating) and b) a red plastic plate. The stimuli given were (1) dot pattern 5 Hz IPS, (2) red 5 Hz IPS, (3) grating pattern 15 Hz IPS, and (4) red 15 Hz IPS, with eyes open. Photoconvulsive responses evoked by (3) and (4) were 6.6% and 5.1%, respectively, which were significantly higher than those obtained from a control group flickered with ordinary white light, 15 Hz IPS, (1.1% and 0.9%, with eyes open and closed, respectively). High amplitude photic driving over 50 µV evoked by (1) occurred in 34.9% of the patients and by (2) 22.7%; these were significantly higher than in the control group with ordinary white flicker (12.5% and 5.2%). Similar stimuli of (1) to (4) with a constant brightness of 20 cd/mz provided by a visual stimulator SLS-5100 were given in the same way. Photoconvulsive response evoked by 15 Hz flickering grating pattern occurred in 7.8% and by 15 Hz red flicker in 8.1 %; the rate being slightly higher than, but not significantly different from, the above results. High amplitude photic drivings evoked by 5 Hz flickering dot pattern and 5 Hz red flicker were 29.3% and 21.2%, respectively. These values were slightly lower than, but not significantly different from, the above results. It was concluded that the flicker stimulation with either pattern or red color is more potent in eliciting photoconvulsive responses (15 Hz) and photic driving responses (5 Hz) than conventional flicker. Furthermore, patterned IPS and red IPS showed almost the same activation effect on photoconvulsive responses and high amplitude photic drivings as that of the comparable stimuli provided by a visual stimulator SLS-5100. photoconvulsive response; photic driving; flickering pattern; red flicker
In a previous study , we reported that a commercially available visual stimulator, SLS-5100, is superior to the intermittent photic stimulation (IPS) provided by the commonly used stroboscope for EEG activation not only for provocation of photoconvulsive responses but also for evoking photic drivings with a high amplitude over 50 µV. Among various stimuli by use of the visual stimulator, stimuli of red flicker and flickering pattern of 15 Hz showed significantly higher rate of provocation of photoconvulsive responses and 5 Hz flickering dot pattern produced high amplitude photic drivings.
In spite of this advantage of the visual stimulator, it has been pointed out by others that giving the stimuli in a sitting position is a great disadvantage in a routine EEG examination. In this study, therefore, the visual stimuli of patterned IPS and red IPS, obtained by inserting a pattern filter and a red filter successively into the frame attached to a stroboscope, were given to the subjects in a supine position (this will be called method 1, hereafter). A comparative study was also carried out by use of a visual stimulator SLS-5100 (this method will be called method 2, hereafter), Method 1 was significantly more potent in eliciting photoconvulsive responses as well as high amplitude photic drivings than the method with ordinary white flicker ). The activation rates of photoconvulsive responses and high amplitude photic driving responses evoked by methods 1 and 2 were not significantly different.
SUBJECTS AND METHODS
Subjects were 232 (70°~c) epileptics and 98 (30%) patients with various other disorders. Of a total of 330 patients, 167 were male and 163 female. The age of the subjects ranged from 6 to 76 years, with a mean age of 25.9 years. All of them were negative to Ishihara's test for color blindness.
Gold electrodes were attached to the scalp with paste, placed according to the International 10-20 System. The EEG was recorded by means of a 13-channel electroencephalography.
Monopolar derivation with ipsilateral ear lobe reference was used. The patterns used for method 1 were dot and grating patterns (Takahashi and Tsukahara 1975 ) printed on plastic plates (DU-22, GO-22, Nihon Kohden, respectively) ; the diameter of a single dot and the width of a line were both 2.0 mm (0.27 degrees). Putting each pattern on a stroboscope reduced the luminosity of IPS to 1/8. The red filter is made from a red plastic plate (R-21, Nihon Kohden) and reduced the luminosity of IPS to 1/6. A photic stimulator (MS-2PS, Nihon Kohden) was placed 25 cm above the face of the subject in a supine position.
A dot pattern filter was inserted into a black frame fixed to a stroboscpe, the size of the pattern filter viewed being 8.3 X 4.7 cm. The subject was asked to look at the pattern, when the room was kept sufficiently bright to see the pattern. After 7 sec, room light was turned off and the subject was asked to look at the pattern while being given 5 Hz IPS (dot pattern 5 Hz IPS) for 7 sec. In the same way, stimuli with grating pattern and grating pattern 15 Hz IPS were given to the subject. Following these stimuli, with a red filter inserted into the frame of the size of 8.3 X 4.7 cm, 5 Hz IPS of red color (red 5 Hz IPS) and 15 Hz IPS of red color (red 15 Hz IPS) were given to the subject with eyes open in a dark room for 7 sec each. In each procedure, stimulation was terminated as soon as seizure discharges appeared.
Following the above procedure of method 1, another EEG activation was carried out giving the stimuli from a visual stimulator (SLS-5100, Nihon Kohden) to the subject in a sitting position ). The intensity of the flicker stimulus from the apparatus changed sinusoidally at frequencies of 5 and 15 Hz. After 2 to 3 min dark adaptation, the subject looked at the central regions of a tangent screen set at 25 cm from the eyes through a small window and the stimuli were projected onto the screen (252<25 cm). When dot and grating patterns (Takahashi and Tsukahara 1975) were projected onto the screen, the visual angles of a single dot and a line were 1.33 and 0.41 degrees, respectively. The brightness of each of the visual stimuli on the screen was 20 cd/m2 (in the case of pattern, brightness of the ground). The following stimuli were given: (1) dot pattern, (2) (1) to (6) was 7 sec and it was given to the subject with an interval of 10 to 30 sec. When seizure discharges were provoked by any of them, the stimulus was immediately stopped.
Therefore, the discharges seldom lasted more than 1 or 2 sec. The above procedure constitutes method 2. In a majority of subjects examination started from method 1, but often it started from method 2 followed by method 1. These visual stimuli of both methods were given not in a constant order.
The main EEG changes induced by pattern viewing and the stimuli of flickering pattern and red flicker in methods 1 and 2 were seizure discharge and photic driving. Because of difficulties differentiating the lambda wave evoked by pattern viewing from the on going posterior activities, comparative studies concerning lambda wave activation were not carried out in this study. Seizure discharges induced by the visual stimuli were sharp-and-wave complex and/or spike-and-wave complex; most of them were bilaterally synchronous or generalized.
As for photic driving, only the driven occipital 5 Hz photic driving was examined.
The amplitude of the photic driving was defined as that of the largest 5 Hz photic driving evoked in the occipital region, because the appearance of photic driving was often irregular and intermittent, thereby making it difficult to obtain the mean value of the amplitude. The photic driving was classified into the following 2 groups based on amplitude: (1) low amplitude photic driving under 50 1~V, including cases with very low voltage photic driving, and (2) high amplitude photic driving over 50 ~cV.
RESULTS
Photoconvulsive response induced by the stimuli of flickering pattern and red flicker Fig. 1A is an example of a brief episode of generalized small spikes induced by viewing a grating pattern of method 1. Fig. 1B is an example of a photoconvulsive response induced by grating pattern 15 Hz IPS. Note that a photoconvulsive response appeared immediately. As can be seen in Table 1 , with this stimulation, photoconvulsive response was induced in 22 (6.6%) cases; with the comparable stimulation in method 2, it was found in 26 (7.8%) cases. Although the stimuli of flickering dot pattern and red flicker of 5 Hz were used for the purpose to obtain a photic driving, a photoconvulsive response was induced in 8 (2.4%) and 2 (0.6%) cases in method 1, and 7 (2.1%) and 4 (1.2%) cases in method 2, respectively. Fig. 10 is an example of a photoconvulsive response induced by red 15 Hz IPS in method 1. Similar photoconvulsive response was also induced by 15 Hz red flicker in method 2 in the same subject (see Fig. 2A ); note that she was also sensitive to red flicker stimulation of smaller intensity weakened from 20 to 5 cd/m2 (Fig. 2B) .
As can be seen in Table 1 , 28 out of 45 cases were sensitive to more than one stimulation among the stimuli of the method 1 and 2. Nine cases were only sensitive to more than one stimulation among the stimuli of method 1, whereas 13 cases were only sensitive to more than one stimulation among the stimuli of method 2. Of a total of 45 cases (13.6%), in which photoconvulsive response was triggered by the above mentioned stimuli, 42 weze epileptics; 2 were normal children, who were siblings of photosensitive epileptics ; 1 was a child of behavioral disorder. high amplitude photic driving could be obtained by dot pattern 5 Hz IPS and 5 Hz flickering dot pattern; no visible photic driving (low amplitude photic driving) could be evoked by the rest of the stimuli. Table 2 summarizes the results of photic driving evoked by 4 kinds of visual stimuli : high amplitude photic driving could be most frequently evoked by dot It has been reported that patterned IPS is more epileptogenic than diffuse IPS with the same mean luminance (Jeavons et al. 1972; Wilkins et al. 1979) . By use of a visual stimulator (Tsukahara and Takahashi 1973), we reported that 15 Hz Tsukahara 1974, 1980) . The response rate of 6.6% to grating pattern 15 Hz TIPS in this study was significantly higher (x2=18.12, p< 0.005) than that of 1.1% to a comparable stimuli of 15 Hz IPS with eyes open obtained in a previous control study ). This finding suggests that a grating pattern can enhance the effect of 15 Hz IPS in the elicitation of the photoconvulsive response. Although the response rate of 6.6% to grating pattern 15 Hz IPS was slightly lower than that of 7.8% to 15 Hz flickering grating pattern, the difference was not significant. Takahashi and Tsukahara (1976) reported that red flicker shows the most significant activation of photoconvulsive responses among the stimuli of 15 Hz flickering colored light. Furthermore, by use of a visual stimulator, it has been demonstrated that 15 Hz red flicker among various visual stimuli shows the strongest activation of photoconvulsive responses (Takahashi and Tsukahara 1974 , 1975 ). Based on these findings, the red filter was used in this study as mentioned in the introduction. The response rate of 5.1% to red 15 Hz IPS in this study was significantly higher than that of 0.9% to a comparable stimulus of 15 Hz IPS with eyes closed in the previous control study (x2=13.02, p<0.005). This finding suggests that red color, irrespective of using an inappropriate plastic plate as a red color filter, can enhance the effect of 15 Hz IPS in the elicitation of photoconvulsive response. Although the response rate of 5.1% to red 15 Hz IPS was slightly lower than that of 8.1% to 15 Hz red flicker, this difference was not statistically significant.
High amplitude photic driving evoked by the stimuli of flickering dot pattern and red flicker
In the previous report , it was shown that among the various stimuli of patterned IPS of 5 Hz, dot pattern IPS has a striking effect in provoking high amplitude photic driving. This was also confirmed by use of a visual stimulator (Takahashi and Okuma 1978; Takahashi and Tsukahara 1979) . When the response rate of 34.9% to dot pattern 5 Hz IPS in this study is compared with that of 12.5% to a comparable stimulus of 5 Hz IPS with eyes open in a previous control study ), the former was significantly high (x2=55.95, p<0.005). On the other hand, the response rate of 22.7% to red 5 Hz IPS in this study was also significantly higher than that of 5.2% to a comparable stimulus of 5 Hz IPS with eyes closed in a previous control group (x2=58.05, p< 0.005). These findings suggest that dot pattern and red color can enhance the effect of 5 Hz IPS in the elicitation of high amplitude photic driving. The response rate of 34.9% to dot pattern 5 Hz IPS was slightly higher than that of 29.3% to 5 Hz flickering dot pattern; the response rate of 22.7% to red 5 Hz IPS was slightly higher than that of 21.2% to 5 Hz red flicker. However, these differences were not significant.
From the above results, it is concluded that patterned IPS and red IPS are more potent in eliciting photoconvulsive responses and high amplitude photic drivings than ordinary white IPS (Fig. 4) . Therefore, the patterns and red filter as described in the method are useful for EEG activation by IPS. When photoconvulsive response or high amplitude photic driving is provoked by patterned IPS or red IPS, which was primarily designed for a practical purpose, a precise examination by use of a visual stimulator SLS-5100 is recommended; by the latter method, further information of the sensitivity to flickering stimuli can be provided not only qualitatively but also quantitatively ).
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